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Introduction
It is widely recognized that local community composition is influenced by a myriad of ecological and evolutionary processes that act at different temporal and spatial scales (Levin 1992; Chave et al. 2002; Leibold et al. 2004) . For instance, density-dependent interactions and environmental filtering generally act at local scales, whereas processes such as speciation, extinction, and trait evolution occur through longer time periods and at regional scales ( fig. 1 Cavender- Bares et al. 2009 ). Evaluating the relative importance of these processes in determining the coexistence of species remains an important challenge in community ecology (Kraft et al. 2007; Ricklefs 2008) . The integration of phylogenetic information into studies of community composition has allowed major progress toward this goal, especially in identifying the influence of regional scale processes, such as the evolutionary lability of traits, speciation, and extinction, on local community composition (Ricklefs 1987; Webb et al. 2002; Vamosi et al. 2009 ). One of the applications of phylogenetic information in community ecology is to determine whether communities are made up of species that are on average more or less closely related than species assembled under a null model (Webb et al. 2002; Hardy and Senterre 2007; Heard and Graham 2007; Helmus et al. 2007) . Deviations from the distribution of mean pairwise phylogenetic distances among members of a community from this null model are referred to as patterns of phylogenetic community structure. Under this framework, two patterns can be detected: the coexistence of closely related species and the coexistence of distantly related species. Here, we show that by identifying phylogenetically related species that co-occur more or less than expected under a null model at local and regional scales, we can generate hypotheses about which species combinations are most likely in the presence of strong competition and environmental filtering, which species are most likely the result of in situ radiations versus colonization, how geographic and ecological spaces are filled, and along which branches on the phylogeny traits relevant for coexistence have appeared.
While indexes that measure phylogenetic community structure have provided useful insights regarding which factors structure communities (reviewed in Cavender- Bares et al. 2009; Vamosi et al. 2009 ), they have two important limitations. First, they are not able to directly identify the species within a given community that are responsible for the inferred patterns of phylogenetic structure, and, second, they are not able to detect the existence of multiple patterns of phylogenetic structure within a given community.
Figure 1:
Species coexistence is mediated by processes occurring at various phylogenetic, spatial, and temporal scales. By scale, we specifically mean extent, for example, a group of species from a specific clade in the phylogeny (A), a defined area (local: B; regional: C), and a time period. Identifying the species that coexist from a given clade is important since the relevance of some processes in diversification and persistence might vary across clades. By fixing a phylogenetic scale (A), we can study patterns of coexistence at local (B) and regional scales (C). Several processes influence the currently observed local composition (B). At a regional scale (C), patterns of coexistence are determined mostly by biogeographic processes, speciation, and extinction. Adapted from a figure in Cavender- Bares et al. (2009). Previous studies have partly tackled these issues by determining whether communities exhibiting a particular structure tend to contain representatives of certain clades (e.g., Graham et al. 2009) or by analyzing communities at different taxonomic or spatial scales (Cavender-Bares et al. 2006; Lovette and Hochachka 2006; Swenson et al. 2006 Swenson et al. , 2007 . Here, we use existing tools to identify clades that exhibit nonrandom patterns of representation in local communities and to detect whether multiple patterns of phylogenetic structure are present within a given community. These methods do not require an a priori choice of taxonomic scale for analyses as has been done in previous studies but instead evaluate patterns of phylogenetic structure at all possible clades within a regional phylogeny. In this way, we let the data indicate which clades in the phylogeny are responsible for patterns of phylogenetic structure. Once these clades are identified across a suite of communities, we map the codistribution of species at broad spatial scales and explore the environmental conditions they occupy.
Studying the codistribution of species from particular clades from local to regional scales ( fig. 1 ) has several advantages. First, it allows us to explore whether the coexistence of certain species is a local or a regional phenomenon, information useful for determining what processes ultimately influence local community structure (fig. 1B, 1C; Ricklefs 2007 Ricklefs , 2008 ). Second, it becomes possible to identify regions and environmental gradients over which regional-scale processes might have taken place (Terborgh 1985; Ricklefs 2007) . Third, by using a phylogenetically informed method, we can generate hypotheses about the relevance of environmental gradients to the distribution and diversification of particular clades. Finally, the identification of the species and clades responsible for patterns of phylogenetic structure is key to studying changes in the phylogenetic structure of communities across space (i.e., phylogenetic b diversity; Graham and Fine 2008) and time (e.g., Pavoine et al. 2009 ).
Here, we develop a framework to analyze patterns of phylogenetic structure in local communities across environmental gradients, taking into consideration the identity of species contributing to these patterns. We exemplify our approach using a data set of local hummingbird communities in Ecuador (Graham et al. 2009 ). The Ecuadorian hummingbird fauna provides an ideal subject for this study because hummingbird inventories are available for this country and multiple historical events and environmental gradients have been documented (Sierra 1999) . Neverthe-less, we appreciate that a study encompassing the entire geographic range of hummingbirds will be preferable once sufficient inventory data are available. Hummingbirds have played an important role in the development of theoretical and empirical approaches in community ecology (Lack 1973; Wolf et al. 1976 ). They represent a highly specialized feeding guild; many species coexist locally in the tropics, particularly at middle elevations (Rahbek and Graves 2000) ; and their resources can be readily quantified and experimentally manipulated (e.g., Temeles et al. 2002 Temeles et al. , 2009 . Hummingbird local community composition was traditionally considered the result of either resource partitioning and dispersal (Lack 1973) or environmental filtering and biogeographic processes (Brown and KodricBrown 1979) . Graham et al. (2009) used a phylogenetic framework to explore how these processes might influence the phylogenetic structure of hummingbird assemblages across geography and environmental gradients. Here, we continue this line of research by first identifying the species and clades that are responsible for patterns of phylogenetic structure at local scales and then by studying the codistribution of species at regional scales.
Methods

Regional Phylogeny
We used a phylogenetic estimate for 166 hummingbird species. Phylogenetic relationships were inferred using DNA sequences representing three nuclear genes (adenylate kinase intron 5 [AK1], beta fibrinogen intron 7 [Bfib] , and ornythin decarboxylase intron 6 [ODC]) and two mitochondrial genes (NADH dehydrogenase subunit 2 and 4 [ND2, ND4]), comprising 4,906 aligned base pairs. All sequence data have been deposited in the GenBank database (http://www.ncbi.nlm.nih.gov/GenBank; accession nos. GU166869-GU167199). The phylogenetic estimate was based on partitioned Bayesian analysis (MrBayes, ver. 3.1; Ronquist and Huelsenbeck 2003) , with separate partitions applied to each nuclear gene as well as to each codon position within the mitochondrial genes and their flanking tRNAs (for a total of 12 partitions). Appropriate substitution models for each partition were determined using the Akaike Information Criterion as implemented in the program ModelTest, version 3.06 (Posada and Crandall 1998) . The resulting tree is well resolved and supported with 141 of 164 nodes receiving posterior probabilities of 95% or greater. In terms of taxonomic coverage, taxa missing from our phylogeny are primarily from outside of the region of interest for this study (Ecuador). Thus, our tree includes 113 of the 126 species for which we have community occurrence data (Ecuador has 132 hummingbird species). Our data matrix includes complete data for each species except Phaethornis superciliosus (missing AK1), Chalcostigma stanleyi (missing AK1), Urosticte ruficrissa (missing ODC), Thalurania fannyi (missing AK1, ODC), and Hylocharis grayi (missing AK1, Bfib, ODC). To produce the ultrametric tree needed for community structure analyses, we transformed the Bayesian consensus topology using nonparametric rate smoothing (Sanderson 1997) implemented in the program TreeEdit, version 1.0a10. In order to facilitate the description of results across the regional phylogeny, we made use of the nine major clades within the hummingbird family: topazes, hermits, mangoes, mountain gems, bees, emeralds, patagona, brilliants, and coquettes (McGuire et al. 2007 ). These clades have been defined on the basis of molecular systematic analyses and ecological and morphological information (Bleiweiss 1998b; Stiles 2008) .
Local Communities
We compiled a database of hummingbird communities using lists from published references in peer-reviewed journals, gray literature (e.g., government and agency reports), and nonpublished reports to environmental organizations, including Bird Life International and Aves & Conservació n (see supporting information in Graham et al. 2009 ). All the lists were checked for their georeference, elevation, and species composition. Each species in each community was checked to ensure that it was within its known elevation and geographic range. The taxonomy was updated to reflect the current version of the South American Classification Committee (Remsen et al. 2008) . We considered local communities as inventories covering ∼1 km 2 (mean: 4.2; range: 0.07-25). The average recorded elevational range for a community was 299 m (range: 0-1,400). Community species richness was not related to area sampled ( ; fig. A1 ). We only used communities 2 R p 0.04 adj that had more than one species, and we only included species for which there were available phylogenetic data. In total, we evaluated 189 communities.
Environmental Data and Analyses
In order to explore the environmental space available for hummingbirds in South America in relation to the environmental attributes of particular communities, we used the 19 bioclimatic variables available from the Worldclim data set (Hijmans et al. 2005) and elevation sampled from an ∼1-km 2 resolution digital elevation model. First, we drew 10,000 random points within all possible hummingbird geographic ranges in South America (Ridgely et al. 2007 ) and added 189 points from the local communities found in Ecuador. We restricted the environmental sampling to South America since few species of hummingbirds are shared with Central America (∼15 spp.) and none with North America. We extracted all environmental variables for these points and used them in a principal components analysis (PCA), where all variables were standardized ( and ) before analysis. In order mean p 0 variance p 1 to assess the environmental gradients along which changes in the coexistence of species from a given clade occurred, we plotted in PCA space all communities where any member from a particular clade was present and highlighted the communities where nonrandom patterns of representation from that clade occurred. The PCA was done using the library adehabitat (Calenge 2006) in R, version 2.9.1 (Ihaka and Gentleman 1996) .
Nodesig: A Tool to Assess Patterns of Occurrence in Communities across Phylogenetic Scales
In order to define patterns of phylogenetic structure, we implemented the "nodesig" algorithm available in the Phylocom software package (Webb et al. 2008) . This algorithm takes a list of locally coexisting species and evaluates, for each clade on the regional phylogeny, whether the descendant species of a clade observed in the local community are represented with greater or lesser frequency than expected from the null model of community assembly. The null model used here maintains species richness in each sample but randomizes the identity of species (all species have equal probability of being sampled). For example, for a community of n species that includes k descendants from clade i, and a regional phylogeny with N terminal tips, the test would assess for clade i whether k is significantly higher or lower than the 5-95 percentiles from the distribution of k picked from clade i by drawing n species at random from the regional phylogeny. Applying this test to each clade of the regional phylogeny, the algorithm generates, for each community, an annotated regional tree specifying which (if any) clades have nonrandom patterns of representation. Thus, we do not need to specify a phylogenetic clade a priori to do our analyses, but rather we let the data inform us as to which phylogenetic clades are important for each community. We applied this approach to all 189 local communities in Ecuador.
The null model in the current implementation of Phylocom does not take into account the prevalence of each species in the data set. If there is a phylogenetic signal in the prevalence of species, we might infer a phylogenetic k p 10 the upper and lower tails of the distribution for a given value of k (see text for interpretation). In the case of , it is not possible to detect k p 0 overrepresentation, and only the upper tail is shown. Histograms on the side of each axis represent the observed distributions of clade and community sizes in our data set. structure as a consequence (Kraft et al. 2007; Kembel 2009 ). Therefore, we use a measure of phylogenetic correlation, l, introduced by Pagel (1999) to test for a phylogenetic signal in the prevalence of species. Values of l close to 1 are indicative of phylogenetic dependence, whereas values close to 0 or above 1 indicate phylogenetic independence (Freckleton et al. 2002) . We estimated l by maximum likelihood using the Geiger library, version 1.3-1, in R, version 2.10.1. To assess the statistical significance of l, we compared its likelihood to the one inferred assuming a Brownian motion model following a x 2 distribution.
Limitations of the Nodesig Algorithm
The probability that a local community has a particular number of species from a given clade depends on three variables: the number of species from each clade in the regional phylogeny, the total number of species in the local community, and the number of observed species in the local community from a given clade. The ability of the randomization approach implemented in nodesig to detect significant departures from the null model is limited by the range of values for these variables found in our data set. To assess the sensitivity of the nodesig algorithm given the conditions in our data set, we calculated the probability of picking k species from a clade of size m, given that the total community has n species and the regional pool has N species. The multidimensional hypergeometric probability distribution recreates this process and thus can be used to estimate the probabilities of occurrence of these events (Sokal and Rohlf 1995) . We evaluated all possible combinations of these variables encountered within our data set (i.e., N was held constant). In our case, we evaluated communities of size (n) ranging from 2 to 37 species, clade size (m) ranging from 2 to 113 species, and a range of values between 0 and 37 species picked from a particular clade (k).
Integrating the Results from Nodesig with Geographic and Environmental Data
When data are available for a number of local communities, it is possible to describe the geographic and environmental distribution of communities in which a particular clade of interest is represented more or less than expected by a null model. In order to exemplify this approach, we first counted the number of times that each clade in the regional phylogeny was identified as over-or underrepresented using nodesig. For clades with instances of nonrandom representation in 10 or more communities, we mapped these communities as well as all communities that had at least one representative from the same clade. Similarly, we plotted these same data in environmental (PCA) space. By exploring the position of communities with different patterns of representation of particular clades in geographic and environmental space, we can start to highlight the geographic regions and environmental variables along which changes in the coexistence of species from a particular clade occur.
Results
Particular Examples of the Nodesig Output
The nodesig algorithm identified which clades were responsible for patterns of phylogenetic structure and when different patterns were present in the same community ( fig. 2 ). For example, both Reserva Loma Alta (community A), which lies at about 650 m in an isolated coastal mountain range, and Cordillera de Guacamayos (community B), found in the eastern slope of the Andes at 1,500 m, have distinctive patterns of phylogenetic structure ( fig. 2) . In each community, there are at least three subgroups of species that we can classify according to their phylogenetic relationships and representation in the local community: groups of closely related species present at greater frequency than expected by the null model, groups of species from clades underrepresented in communities, and groups of species from clades that are neither over-nor underrepresented ( fig. 2 ). In these same two communities, the net relatedness index (NRI), a widely used index based on pairwise phylogenetic distances among members of a community (Webb et al. 2002) , indicated that there was no significant phylogenetic structure ( , ; NRI p 0.9 P p .36
; Graham et al. 2009 ). NRI p 1.8 P p .11 B
Limitations of the Nodesig Algorithm
Given the distribution of clade and community sizes in our data set (marginal histograms in fig. 3 ), it is evident that the nodesig algorithm will be much more effective at detecting over-rather than underrepresentation. Figure 3 shows contour lines depicting the combinations of clade and community sizes for which the probability of picking k species (we show examples for , 2, and 10) is highly k p 0 unlikely ( ). For any combination of clade and com-P ! .05 munity sizes above the upper contour line, where the same number of species is observed (k), the nodesig algorithm would identify that clade as underrepresented (i.e., it would be very unlikely to pick only k species from such combinations of clade and community sizes). For any combination of clade and community sizes below the lower contour line, the nodesig algorithm would identify it as overrepresented. Notice that in the case of (i.e., k p 0 no species sampled from a given clade), only the upper tail of the distribution is present since it is not possible to detect overrepresentation when no species are observed. In general, the ability to detect underrepresentation from a clade in a local community increases with larger clades and richer communities, conditions that are rare in our data set (i.e., upper right corner of fig. 3 ). It is increasingly unlikely to reject the null model in favor of underrepresentation for relatively small clades (i.e., !20 species) and communities of low richness (!10 species). Finally, it is impossible to reject the null model in favor of underrepresentation for any clade size of ∼10 or fewer species, at least within the conditions found in our data set ( ; k p 0 fig. 3 ).
In our case, the fact that most underrepresentation events occur in deeper nodes cannot be interpreted as evidence that underrepresentation does not occur at shallower nodes with fewer species. Instead, this is a limitation of the approach and the null model, given the distribution of clade sizes and community richness in our data set. However, it is possible to reject the null hypothesis in favor of overrepresentation when only two species are chosen from a clade of small size (i.e., !10 species), as long as the total species in the community is small (!10 species), which commonly occurs in our data set. Overrepresentation can also be identified when community and clade sizes are large ( ; fig. 3 ). In conclusion, given the n p 10 null model and the conditions in our data set, it makes sense to evaluate overrepresentation across the entire tree and underrepresentation only at clades containing more than ∼10 species.
Overall Patterns of Over-and Underrepresentation at Nodes in the Phylogeny
Out of 189 local communities analyzed, 147 (78%) had at least one clade with significant over-or underrepresentation in the regional phylogeny. Sixty-two communities (33%) had at least one clade with underrepresentation and another with overrepresentation (two examples are shown in fig. 2 ). Sixty-nine communities (37%) exhibited at least one underrepresented clade, and 140 (74%) exhibited at least one overrepresented clade. As expected on the basis of limitations of the nodesig algorithm, overrepresentation occurred across the tree (i.e., at relatively young and old nodes), but underrepresentation only occurred at relatively deep nodes (fig. 4) . The nodes considered the base of the major hummingbird clades for hermits, bees, and brilliants were overrepresented in 10 or more communities. However, major clades such as the mangoes, emeralds, and coquettes did not show overrepresentation at their basal nodes. Underrepresented clades were found mostly in the emeralds and coquettes. None of the clades within the hermits, mangoes, and bees showed underrepresentation in any community. Finally, some clades within the emeralds and the coquettes appeared overrepresented in a number of communities ( fig. 4 ).
Phylogenetic Signal of Species Prevalence in the Data Set
The estimated value of l was 1EϪ07, very close to 0, indicating phylogenetic independence in the prevalence of species in the data set. This value represents a significant improvement relative to the value of l, assuming a Brownian motion model (
x p 38.38 df p 1 P p 5.79E Ϫ 10 Therefore, the inferences from the null model implemented should not be influenced by the prevalence of species.
Environmental Space
The first two components of the PCA explained 72% of the total variation in environmental conditions for places in South America where hummingbirds occur. The first component (PC1) was mostly driven by temperaturebased variables related to either seasonality or indexes of cold temperatures, whereas the second component (PC2) was mostly driven by either precipitation variables or temperature variables related to degree of warm temperatures ( fig. 5) .
Integration of Nodesig with Environmental and Geographic Data
When results from the nodesig analyses are plotted in geographic and environmental space, some striking patterns emerge (figs. 6, 7). The geographic distribution of communities that exhibited overrepresentation within the traditional hummingbird clades was spatially aggregated.
Further, there was little geographic overlap among communities with overrepresentation of the different major clades. For example, communities with overrepresentation of clades within the hermits were mostly found in the eastern lowlands, despite the fact that descendant species from these clades were found in many communities in the western lowlands ( fig. 6B ). Likewise, communities with overrepresentation of clades within the mangoes occurred along a narrow elevation band at about 1,500 m, despite the presence of species from these same clades occurring at higher elevations throughout the Andes in Ecuador ( fig.  6C) . A more complex distribution pattern was found in communities with overrepresentation of species from nodes within the clade containing mountain gems, bees, emeralds, and patagona. Each of these communities is found west of the Andes, but those with overrepresentation of clades within the emeralds occurred mostly in the northern part of the western lowlands, while those communities with overrepresentation of clades within the bees occurred in the southwestern lowlands ( fig. 6D ). Communities with overrepresentation of clades within the brilliants ( fig. 6E ) and coquettes ( fig. 6F ) were found at mid to high elevations along the Andes and were the only major clades without any clear geographic separation. Similar patterns emerge from our PCA analysis. Communities with overrepresentation of clades within the hermits were located in the wettest areas within Ecuador, specifically the areas with the highest amounts of precipitation during the driest months of the year and the lowest precipitation seasonality (fig. 6G ). Communities with overrepresentation of clades within the mangoes were found mostly at middle elevations with relatively high precipitation and low seasonality ( fig. 6H ). In areas with lower precipitation and increased precipitation seasonality, communities with overrepresentation of clades within the bees and emeralds were frequent ( fig. 6I ). Overrepresentation of clades within the brilliants and coquettes was concentrated at high elevations with high levels of precipitation and increased temperature seasonality ( fig. 6J, 6K ). Relative to brilliants, overrepresentation of coquettes mostly occurred at the highest elevations.
Patterns of underrepresentation in communities were also not randomly distributed in geographic or environmental space ( fig. 7) . Communities with underrepresentation of a clade included few or no species from that clade. Communities with underrepresentation of clades within the mountain gems, bees, and emeralds were mostly found in the high Andes; these areas have relatively high precipitation and increased temperature seasonality ( fig.  7B, 7E) . Communities with underrepresentation, including deep nodes subtending almost all major clades except the hermits and topazes, were located in the humid lowlands on both sides of the Andes ( fig. 7C, 7F ) but were absent in the seasonally dry southwestern lowlands. Finally, communities with underrepresentation at the base of brilliants and coquettes were found everywhere in the lowlands ( fig. 7D ), regions with high temperatures and variable amounts of precipitation ( fig. 7G ).
Discussion
Coexistence of species is mediated through processes such as environmental filtering or trait evolution ( fig. 1 ) that occur at different spatial and temporal scales; these processes may not affect all members of a community equally. In many local hummingbird communities, a particular subset of the coexisting species was responsible for patterns of phylogenetic structure, and multiple patterns of phylogenetic structure were detected within a single community (e.g., communities in fig. 2 ). For the two communities shown ( fig. 2) , the NRI indicated that there was no significant phylogenetic structure. Because NRI averages across short and long pairwise distances among species in a community, the mean distance can be close to the null expectation of average pairwise distances obtained from communities assembled under a given null model. As a result, patterns of phylogenetic structure can be obscured. In contrast, nodesig shows that multiple patterns exist within a community, a potentially valuable result given the increasing use of NRI and related metrics to explore a range of evolutionary and ecological mechanisms underlying community composition (reviewed in Vamosi et al. 2009 ). For instance, using results from nodesig it is possible to identify components of a local community that could be differentially affected by local-scale processes, such as density-dependent interactions or environmental filtering.
Once we identified clades with distinct patterns of representation in communities, we evaluated their geographic and environmental distributions at regional scales (figs. 6, 7) to obtain additional insights into processes responsible for the distribution of hummingbird diversity ( fig. 1) . In general, clades with patterns of over-or underrepresentation in local communities occupied a distinct portion of geographic and environmental space. These patterns can be used to formulate hypotheses about which processes allow closely related species to coexist. Below, we discuss our results in terms of the processes ( fig. 1 ) that ultimately led to the current coexistence of species, starting from processes that generally take place at regional scales and moving to processes acting at local scales. Finally, we discuss the limitations of this approach and future research avenues.
Biogeographic Processes: In Situ Radiation versus Colonization
The relative importance of in situ radiation versus colonization in local and regional coexistence continues to be highly debated (Emerson and Gillespie 2008; Moen et al. 2009 ). On the basis of patterns in the geographic and environmental distributions of species from over-and underrepresented clades across local communities (figs. 6, 7), we can hypothesize which components of the regional and local fauna are likely the result of in situ radiation versus colonization. Species from overrepresented clades in a region or community can be hypothesized as the result of in situ radiations, while species from underrepresented clades could be the result of colonization. In hummingbirds, the geographic distribution of and environmental conditions associated with species from over-and underrepresented clades is not random. These results suggest that a given lineage diversified successfully in certain regions and environments and did not colonize, or experienced high extinction in, other regions or environments. For example, in the humid lowlands of the Amazon and Chocó (east and northwest of the Ecuadorian Andes, respectively), species from clades within the hermits (Amazon) and emeralds (Chocó ) are overrepresented (nodes highlighted in fig. 6 ). Thus, we hypothesize that these components of the local assemblages are the result of in situ radiations. In contrast, clades such as the mangoes, coquettes, and brilliants are underrepresented ( fig. 7) , and we suggest that they represent successful colonizations from other areas. In turn, mangoes, coquettes, and brilliants are overrepresented components in the Andes, which we hypothesize arose via in situ diversification, whereas the underrepresented hermits and emeralds are hypothesized to have arrived via colonization. Finally, in the dry and highly seasonal lowlands of the southwest, we hypothesize that emeralds and bees are representatives from in situ radiations, whereas species from other clades (e.g., mountain gems and hermits) are the result of colonization. In order to test these hypotheses, we should use a complete rather than a regional phylogeny in conjunction with ancestral reconstructions of ranges for all species (Perret et al. 2007; Ree and Smith 2008) to evaluate whether all the descendants from a single clade are currently coexisting, in support of in situ radiation (e.g., anoles in the Greater Antilles; Losos et al. 1998) , or whether the sister species occur somewhere else, more reminiscent of a model of isolation and subsequent recolonization after divergence (e.g., passerine birds in the Lesser Antilles; Ricklefs and Bermingham 2007) .
Biogeographic Processes: Filling of Geographic and Environmental Space
Recently, studies of diversification rates have suggested that speciation rates decline as a clade diversifies (i.e., densitydependent diversification; McPeek 2007; Rabosky and Lovette 2008; Rabosky 2009) . A possible mechanism for this pattern is the filling of ecological space that might prevent ecologically mediated speciation (Rabosky 2009 ). The geographic and environmental distribution of species from over-and underrepresented clades provides insight into how ecological space is filled. First, our results offer support for the idea that a group exhausts available ecological space as it diversifies. For example, in most of the eastern lowlands, only hermits were overrepresented, and they likely arrived first in this region (Bleiweiss 1998a). As this group diversified, it occupied much of the ecological space (but not all) that could otherwise have been used by other groups. The remaining clades of hummingbirds may have consequently evolved specific traits that allowed them to exploit the remaining niches that hermits (or other clades) never fully took advantage of. Second, our results suggest that species within each successful major clade may have some adaptations or characteristics that allowed their members to exploit a set of environmental conditions (i.e., niches) in a more comprehensive way than was possible for species representing other clades. For example, the common ancestor of coquettes and brilliants may have acquired an adaptation (e.g., large wing area relative to body mass) that allowed these two clades to more fully exploit the diversity of highelevation niches than was possible for the representatives of the other clades extant at that time (Altshuler et al. 2004; Stiles 2008) . Coquettes and brilliants also represent a counterexample, in that species from overrepresented nodes from both major clades occur largely in geographic and environmental overlap ( fig. 6 ), suggesting that they may share one or more traits that facilitate their occurrence at high elevations, while differing in other ways that allow members of each clade to exploit distinct resource axes. Thus, in general, our results support the idea that, as clades diversify, ecological space is filled, reducing the opportunity for other clades to diversify. Nonetheless, there are examples, such as with the coquettes and the brilliants, of potential parallel diversification in geographic and environmental proximity (Bleiweiss 1998a).
Trait Evolution and Environmental Filtering
Species interact with one another and their environments through their phenotypes. Thus, how phenotypes evolve and how phenotypic variation is distributed in geographic and environmental space is key to understanding species coexistence (Webb et al. 2002) . Identifying the clades with nonrandom patterns of representation in certain regions helps to direct further studies of the behavioral, physiological, and morphological features that allow coexistence in certain environments. For example, nonrandom patterns of taxonomic representation suggest the possibility that key trait differences may have arisen at specific points on the phylogeny, thereby allowing co-occurrence of descendant species. Phylogenetic analyses of trait evolution (i.e., ancestral trait reconstruction) can be used in conjunction with knowledge of the nodes with nonrandom representation to correlate the appearance of specific traits or behaviors with nonrandom patterns of taxonomic representation. Biomechanical constraints of flight at high elevation have clearly acted as a filtering mechanism for highland communities (Altshuler and Dudley 2002, 2006; Altshuler et al. 2004; Graham et al. 2009 ). The mechanisms responsible for similar patterns in wet and dry areas in the lowlands are still not resolved. At the same time that environmental filters can cause the overrepresentation of certain clades in certain areas, these species should exhibit divergence in other traits that allow them to successfully partition resources (see next section).
Density-Dependent Interactions
The role of competition in hummingbird communities has been clearly emphasized in the literature (Feinsinger 1976; Wolf et al. 1976; Brown and Bowers 1985) . Nevertheless, most indexes of phylogenetic community structure assume that communities are assembled as a result of either filtering or competition (Webb et al. 2002; Cavender-Bares et al. 2004; Kraft et al. 2007; Bryant et al. 2008; Cardillo et al. 2008; Graham et al. 2009; Kembel 2009 ). Our approach allows us to generate phylogenetically informed hypotheses regarding which species within the community are expected to interact most extensively (i.e., groups of species from an overrepresented clade, assuming that closely related species are ecologically more similar to one another). On the basis of the distribution of morphological traits among these species, we should be able to identify whether these species are competing most strongly or whether these species have evolved differences that allow them to coexist.
Temporal Aspects
Since a phylogenetic tree represents the sequence of speciation events leading to currently observed species, it can be used to derive temporal hypotheses about the maximum time that a group of species could have been interacting. This information has been evaluated rarely in studies of community ecology (Gillespie 2004; Emerson and Gillespie 2008; Parent and Crespi 2009 ) and might prove important for assigning a relative age estimate for different communities ( fig. 1 ). For example, the maximum time that species with overrepresentation in the hermits could have coexisted is much longer than the time some emerald species could have coexisted. Coexisting species that are relatively young might be expected to exhibit the strongest competition since they have not had sufficient time to evolve strategies to reduce it. However, coexisting species from old overrepresented clades might have had enough time to evolve strategies that allow them to exploit available resources more efficiently or reduce competition. In hummingbirds, this can lead to the evolution of specialized feeding on certain flowers. Thus, we can use results from these analyses to identify clades that are likely to exhibit specialized relations with the flowers they use.
Despite many advantages, the approach presented here also has limitations. First, there is a subjective upper phylogenetic boundary at which patterns of phylogenetic structure are assessed. Changes in this upper boundary would certainly lead to changes in the patterns observed (Kraft et al. 2007 ). In our case, "all hummingbirds" is a logical upper boundary since all species exploit similar resources. However, it may not be easy to choose an appropriate upper boundary in all situations. A second potential weakness of our approach is that it is possible to detect over-and underrepresentation under certain conditions only. We might be able to improve our ability to detect over-and underrepresentation by using a more realistic null model of community assembly (Rahbek et al. 2007) . Models that incorporate rules about the distribution of morphological traits among community members might reduce the expectation of the possible number of coexisting species from a species-rich clade (i.e., following the principles of limiting similarity theory; Weiher and Keddy 1995; Kraft et al. 2007; Kembel 2009 ). A null model in which the relative prevalence of species is taken into account (Gotelli and Entsminger 2003) might also restrict the number of possible groups of species that are expected to coexist. Another potential disadvantage is that some of the interactions among coexisting species might be independent of their phylogenetic origins. We acknowledge this as a possible hypothesis that should be studied in the field, where current ecological interactions can be directly evaluated.
Integration of phylogenetic information into a community ecology framework continues to provide new ways to understand ecological and evolutionary mechanisms responsible for generating patterns of coexistence at local and regional scales. Using additional phylogenetic and distributional information, the approach presented here can be used to accommodate variation in the species pool through time (Kembel 2009 ), historical dispersal within species (Losos and Glor 2003) , and the correlation between the appearance of nonrandom patterns of coexistence with the evolution of particular traits or behaviors along the phylogeny. We demonstrate how the integration of results from nodesig analyses with environmental and geographic information can be useful for generating hypotheses about the environmental gradients and regions relevant in shaping the phylogenetic structure of local communities. 
